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1. The reaction of 1,1,1-trinitroethane with potassium diethylmalonate has been repeated. The yield of ethyl 2-carbethoxy-414-

dinitrobutyrate was improved to 36.3%. The structure of this compound
was verified by conversion to ,4.-dinitroheptanedihic acid.

2. The structure of trirmethylammonium-N-(2-nitroethyl-2-nitronate)
was proven by a successful displacement reaction with piperidine. The
N-(2j,-dinitrioethyl)-piperidine prepared (in 93.6% yield) by this
reaction is identical with that produred by the reaction of piperidine
with 11.,1-trlnitroethane. N-(2,2-dinitroethyl)-piperidine was also
synthesized from dinitromethane and DIT-methylolpiperidine by the procedurie
of Duden, Bock and Reid.

3. Guanidine reacts with 1,1,1.-trinitroethane to give the
elimination-addition product, 2.,2-dinItroethylguanidine, in 92% (crude)
yield. The structure of this compound was established by an alternate
synthesis: Guanidine undergoes a displacement reaction with N-12,2-
dinitroethyl)-piperidine to give 2,2-dinitroethylguanldine in 28% yiel3.

4. Trimethylammonium-N-(2-nitroethyl-2-nitronate) reacts with
bromine to give an orange ýsolid melting at 77"5° (evolution of bromine
vapors). Attemfts at recrystallization have yielded traces of triutethyl-
ammonium bromide, m.p. 244-246o; characterization of the other components
of this reaction is still in progress.

5. To complete the vork on selective reduction of nitrocarbonyl
compounds, the action of sodium borohydride on 41 ,4-dinitropentanal
(67.6%4 yield of alcohol using neutral-basic medium) and 5,5-dinitro-2-
hexanone (78.2% yield of alcohol using acid medium; 54,.5% using neutral-
basic medium) was studied.

6. l-Nitromethylcyclohexene was prepared in 62% yield using the
procedure of Dauuen, et al. Methyl 4-nitropentanoate (54-654,) and
dimethyl 4-methyl-4-nitroheptanedloate (20-351) were obtained in the
reaction of nitroethane with methyl acrylate in the presence of trimethyl-
amine or Triton B. Oxidative-nitration of methyl 4-nitropentanoate
yielded methyl 4 .,4 dinitropentanoate.

7. Selective reduction of certain nitro esters to their corresponding
nitro alcohols has been accomplished by the use of lithium borohydride
in refluxing ethyl ether-tetrahydrofuran. Reaction of methyl
i-nitrobutyrate, methyl 4-methyl-4-nitropentancate, methyl 4,4-dinitro-
pentanoate, and methyl 4 -nitropentanoate with lithium borohydride gave
4-nitro-l-butanolo 4-methyl-4,-nitroý-l-pent~anol, 4)4-dinitro-l-rentanol,,
and 4-nitro-l-pentanol in 53, 96, 74 and 72 per cent yields, respectively.
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8.Reaction of methyl magnesium iodide with 2-methyl-l-nitropropene
in the absence of free magnesium gave 2,2-dJiwethyl-l-nitropropane (52).2%)
and P,2,5l,,3-.tetramethyl-2-l, ~- trlbu Lane R64) eaction of methyl
inagnesium iodide with 2-methyl-l-nitropropene in iliý preaen--e of excess
magnesiuma g~va 2.2-dimethyl-l-nitropropane (43,l. ) a nd 2,2.7),3-tetra-
methyl- ,4-dinit-(buitt~re (6.-P%), It was crljC~t;Cl.'.. thot the presence
or ab-onc~e of ma~neaiurn had no important effect on redudt ive-.dimerizat Ion
of nitrcoolefills.

iAian<i'I-r &-F -a-t:. iiodide I~aniir.1g1Fhniodide) and
2..rvuy1..~tpc'~i'~Žres41ited In e.%eupive decxPoc31.t..*oo 2' othe niitro-
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DISCUSSION

(1) Reaction of '=l41-Trinitroethane and Potassium diethyl malonate.
Reaction of potassium diethyl malonate with ljll,-trInitroethane gives

ethvl •-rbet.;-,, 4.-d-uitrouuyrte as the principal pioduct. This
reaction proceeds via an "e limination-addition" mechanism i the equation
follows:

C02C2H5  ýO2 C'02C2H5  F NO2 1(1) CH-K+ + CH3 C-NO2  X CH, + CH2 aq + KNO2

cOýC2 H5  NO2  02C2 H5  NO2,5. J

Co2 C21l5  NO2] 02C_2 HS NO2
(2) 6H-K+ + CE2= CH2 - NO2 1(q

The reaction was repeated in an effort to increase the yield of alkylation
product (the early run gave 24.4% yield of acidified and distilled material).
The modified acidification proceduzr of Korub'.n. and Graham2 was employed;
the yield of distilled eth> 2-carbethoxy-4.,4-dinitrobutyrate was improved to
36.3%.

-- The structure of the product was proven by conversion of its potassium
salt to 4.A-dinitroheptanedioic acid (30% overall yield) by reaction with
methyl acrylate and subsequent hydrolysis of the adduct with hydrochloric
acid:

02COC 5  ý02 Co02C2H5  NO2
(3) 9H- CEL-C + Ca2 -CH-CO2CqH c -CH 2-9-C-cIcco 2 c•

C02 C2 H5  NO•K CO2 C2 H5  NO2  (+ KOH)

37% KCl 1'
re,- " HO2 C-CKrCH2 .-9-CH2 CH2 CO2 H + 2C2-50H + CH3OH + COPrefiux . ... 2

The 4.4-dinitroheptanedioic acid had a neutralization equivalent of 127
(calcd., 125) and melted at 138.5-1400 (an authentic sample5 melted at

138-1400 and mixing produced no depression). The intermediate methyl ethyl.
2-carbethoxy-4,4-dinitroheptanedioate was not isolated.

(2) Reaction of Guanidine and 1,1,1-Trinitroethane.

Guanidine, a strong organic base, reacts exothermally with
1,1,1-trinitroethane via an "elimination-addition" mechanism to give the
alkylation product, 2,2-dinitroethy]oguanidine in 92% yield (crude):
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NH F NO2  ? IT_ N.02
(h) H2N-C-Nx + CH3- N-NO2 -- H2 N-6-4+No2 + CH2=-

02 NHW+ NO2
(5) 1N-C--f + c{j2-, 11 2 N-C-h-0H2 -6

N H No2
112 N-C -NH-CR 2 -ýH

NO2

The ultraviolet absorption spectrum of 2,2-dinitroethylguanidine (in excess
base) shows the characteristic strong absorption band attributed to the gem-
dinitro anion at 564 m/,, (log$ = 4.23); the spectrum is quite similar to
those of N-(2,2-dinitroethyl)-piperidine and trimethylammonium-N-(P-nitro-
ethyl-P-nitronate). The infrared spectra of the three amino-dinitro compounds
(in Nujol suspension) do not show the sharp, strong band at 6.Vsr normally
observed for compounds containing the gem-dinitro group; weak bands are
observed at 6.6-6.7 , and 7.4-7.5v-' (but these are obscured by the powerful
absorption of Nujol at 6 .7- 6 .9w and 7.2- 7 .3,/- . This evidence indicates t:'-*u
2,2 -- initrcethylguanidine may exist preferentiaily in the "zwitterion"
(or "betaine") form. This suppositiou is further supported by the salt-lilke
characteristics of this product. It is also of interest that dilute aqueous
solutions of 2,2-dinitroethylguanidine are slightly acidic.

?,2-Thnitroethylguanidine gives a positive nitrosamine (Liebermann) test.
At first, it was believed that nitrosoguanidine might be present as an
impurity (this could arise from the decomposition of guanidine hydronitrite):

NH + -NH

(6) 11N-e-Nm3 +NO2 " - H2N-C-NH-N=O + H20

When recrystallized samples of 2Y2-dinitroethylguanidine gave positive tests,
it was concluded that the action of concentrated sulfuric acid on
2,2-dinitroethylguanidine results in the elimination of nitrous acid (as also
happens when alkali metal salts of 1,1-dinitroalkanes are acidified); the
nitrous acid reacts with phenol to give the colored nitrosophenol derivative.
To sut)ttantiate these observatiors. the Liebermann test was run on
tri.Lota.yl ummonium-N- (2-nitroethyl .2. nitro~wi e) and on two samples of
N-(2- 2Kf.iitroethyl'-pineridine 1or.e sampaLe tas the product of the reaction
of piperidine and 11,1.-trinitroethane, the other was prepared from N-
methylolpiperidine and dinitromethane; see below). In each case, a positive
test was obtained. As a control, the test was run on 1,1-dinitrobutane;
the result was negative.

(3) Proof of Structure of N-(2,2-dinitroethyl)-piper-idine,

It has been previously reportetthat reaction of piperidine and
1,1,1-trinitroethane yields N-(2,2-dinitroethyl)-piperidine and piperidine
hydronitrite:

CONFI•DENTIAL



CONFIDENTIAL

-CH12-CR2 ý~, NO2 CH CNNO
2011a NH + 0113-q-N02  -> 0CH? NC1-C-N02

0112 -CR2 20 Np NCHP CHP

0112 NH12N0-2
0112-0112/

Proof of structure of' N-(2,2-dinitroeth~yl)-piperidine has now been com~pleted
by synthesIs of this -omupound by the tne~hod of D~uden., Bock, and BeidS--kthe
previous investigators did not report any physical constants for N-(2,2-
dinitroethyl)-piperidine): dinitromethane (prepared in 31% overall yield
from nitromethane via l-nitro-2-propa-cl.! and l,l-dinitro-2-propanol) in
cola ethyl ether was shaken with N-methylolpiperidine In aqueous suspension.
N-(2,2-Diinitroethyl)-piperidine separated as a yellow salt (93.6%),
m.p. 1O8.O-1O8.50; this material did not depress the melting point of the
product of reaction 0of piperidine and 1,1,1-trinitroethane.

(8) ,0E12-C2 C1124

+* 1100112-N CR2 -4 (e2N)2'm-onH- , ,IT--C& H2 /

(24) Proof cf Structure of TrimelhylammoniumL-N-(2-nitrcethvl-2-nitron'1>r'

It Ihas been previously reporte& that reaction of trimethylamine and
1,1,1-trinitroethane yields trimethylammoniuw -N-(2-nitroethyl-2-nitronate):

(9) 2(CH13)3N + diH3-c(No9 3  -~(Cr 3)3 A-2l11 2 -c-(No2)2 + (0113)3-tRH NO2
Proof of' structure of trimethylammonium-N-(2-nitroethyl-2-nitronate)/ has now
been established by displacement with piperidine in warm water to yield
N-(2.,2-dinitroethyl)-piperidine in 95.6% yield; N-(.2,2-dinitroethyl)-piperidi~r--
was verified by its melting point and by mixed melting point with an authenticý
sample.

, H2 -Cl~p, +
(10) CR2, NH + (cHS3)3-N-CH 2--C-(N02)J2

C CH2 -CH2~

11~a2 12N'+
CE2 T-Ct--(O) + %I','3 , 3 N

(5) Proof of Structure of 2 2-Dinitroethyjguanidi12.c

Reaction of guanidine and l,,ljl-trinitr-oethýýne ha-3 teen reported (page l)t
give 2,2-dinitroethylguanidine and guanidin,, rj~yorz:trt

(1)21NE!)N1 +d +n-~o) NH~ II
(11)2H2-ý'-H2 CH3C(N2')3-4 12N-C"-NE2-C112.-C(N02)2 + 112N-d-N112 NO2

CONFIDENTIAL
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Proof of structure of 2,2-dinitroethylguanidine has been obtained by
exchange of guanidine with trimethylammonium-N-(2-nitroethyl-2-nitronate);
P12-dinitroethyl~uanidine was obtained in 28% yield. X-ray diffraction
p-tterns of ,2d- .1.t roethy-1guan•d•ne prepared by both reactions are identical.

NH+ NH
(l2)f2N-C-NH 2 + (CH3 )3 -N`-CR 2 -C(N02)'_ -*=Z----, (CHn) 3 N + H2N-C-NH2-CH2 -c(N0 2 ,

(6) Selective Reduction of Nitrocarbon 1Co-mounds with
Sodium Borohyiride.

7 8,9
It was previously reported/tat 5-methyl-5-nitro-2-hexanone, 5-nitro-2-

hexanone, 5-nitro-2-pentanone, 4-methyl-4-nitropentenal, 5,5-dinitro-2-
hexanone, and 4,4-dinitropentanal are reduced to their corresponding alcohols
by the action of aluminum isopropoxide in 95.3, 48.o, I o,, 69.3, 26.7,
87.9 and 62.8 percent yields, respectively. Similarly,,5-methyl-5-nitro-
2-hexanone, 5-nitro-2-hexanone, 5-nitro-2-pentanone, 4-methyl-4-nitro- 10
pentanal, 4-nitrobutanal, 5,5-dinitro-2-pentanone, 4,4,4-trinitrcbutanal,
and 5,5,5-trinitro-2-pentanonemre reduced to their corresponding alcohols
by acidic sodium borohydride in 98.7, 50.7, 66.6, 54.8, 33.4, 48.5, 72,
and 60 per cent yields.

Tro complet these sudiea "-AduCt-4ns of m5,dI-r--eann n
4 ,4-dinitro-l-pentanal with both acidic and neutral-basic sodium borohydrid2
were investigated. 5,5-Dinitro-2-hexanol and 4-- h-dinitro-l-pentanol were
obtained in 54.5 and 67.6 per cent yields, respectively, from their corres-
ponding carbonyl compounds by the action of neutral-basic sodium borohydride!
5,5-Dinitro-2-hexanone is reduced in 78.2 per cent yield to 5,5-dinitro-2-
hexanol by mM± sodium borohydride. The neutral-basic reaction is more
convenient and can be completed in a few minutes; this technic is to be
recommended for compounds that are not sensitive to the action of mild bases.

(7) Reduction of Nitroesters with Lithium Boroh_•ide; Nitroalcohols

The selective reduction of nitrcaliphatic acid derivatives has been
previously limited to the conversion of nitro acid chlorides into nitro-
alcohols with sodium borohydride. 1 1 Recently, it has been reported that
certain nitro esters may be converted into nitroalcohols by lithium aluminum
hydride at low temperatures. In order to develop a more general and
convenient method for reducing nitroaliphatic acid derivatives, reactions of
nitro esters with lithium borohydride have been studied.

IiGhium borohydride has a higher red',uction potential than sodium
borohydride. Lithium borohydride wil! reo:_-c' ester groups to alcohols;
however, nitro groups are unattack-'d. The :I.vantages of lithium borohydride
thus are: (1) it reduces esters, acid chloriUes, and other carbonyl compounds
without affecting the nitro group and (2) it is soluble in organic solvents
such as ethyl ether and tetrahydrofuran. It is also soluble in water and
methanol and, with proper buffering, can be ';sed in these solvents in much
the same manner as sodium borohydride.

Methyl 4-nitrobutyrate, methyl 4-nitrnpetonoate, methyl 4-methyl-
4-nitropentanoate, and methyl 4,4-dinitropentanoate have been reduced to
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their corresponding alcohols in 55, 72, 96 and 84 per cent yields, respec-
tively, wtth lithium borohydride (methyl 4,4-dinitropentanoate was prepared
by oxidative-nitration of methyl 4-nitropentaneate). The reaction technic
for small scale reductions, i.e., 0.1 to 0.3 mole, is simply mixing the nitro
ester with a standardized solution of lithium borohydride solution and
then refluxing the mixture for 2-4 hours. Refinements will probably be
advisable for larger scale reductions.

The reduction of esters with lithium borohydride yields a mixture of
alkyl borates and lithium alkoxide; thus methyl esters give boratc cstero
of methanol and the nitro alcohols produced and lithium methoxide. If the
nitro group present is capable of existing in the aci-form, the lithirm
alkoxide will convert such nitro groups to their lithium salts. This
occurrence is noted in the reduction of methyl 4-nitrobutyrate and methyl
4-nitropentanoate; white insoluble nitronate salts are formed which may undergc
the Nef reaction upon acidification. The rate of salt formation is greater
with methyl 4-nitrobutyrate than with methyl 4-nitropentanoate.

While nitro groups are not reduced rapidly by lithium borohydride
solution, in the reduction of methyl 4-nitrobutyrate, appreciable quantities
of colorless, flammable gas were evolved. This may result from the alkoxide
formed by reduction of the ester group; the nitronate ion produced may react
with lithium borohydride to form the lithium nitronate salt with subsequent
exchange and decomposition of the borohydride ion into hydrogen and di-
borane (tentative). Thus, in cases when decomposition of the reducing agent
via salt formation is faster than reduction of the ester, excess hydride is
used to compensate for the loss incurred by neutralization of the nitro
group.

Decomposition of reaction mixtures in which nitronate salts have formed
should be effected at low temperatures using reagents such as urea-phosphoriL
acid that will minimize the Nef and other side reactions.

Initial decomposition of the reaction products yields an aqueous
ethereal mixture containing lithium phosphate, nitro alcohol and borate
esters of the nitro alcohols. Hydrolysis of the borate esters is convenientl:
accomplished by acidifying the mixture to pH 1 with hydrochloric acid and
refluxing for 15 to 30 minutes. It is convenient to remove the solvent at
this point by distillation. The hydrolyzed residue is cooled to room
temperature, saturated with seat and extracted with ether. The ether extract.s
contain the nitro alebhol' the nutro alcohol may be obtained after removal
of solvent and distilJnkir n.

(8) Reaction of GriLnarC Reagents with 0 A-Xitro1efinU
Reductive-.Dfrerizatoita,

It has been previously sh( ,n in this laboratory6 that reaction of
methyl magnesium iodide with 2-ncthyl-l-nitropropene yields 2..25, 3-tetra-
methyl-14-.dinitrobutane along -Vi- 2,2-dimethy±-l-nitropropane (Equation 13).
Similarly,6 reaction cf
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/C g (CH)C-CI2NO

02 N-CH2 -C(CHs3 )-C(CHS)
2 -CH2 NO2

methyl magnesium iodide with 1-nitro-l.propene gives d~l and meso
2,3-dimethyl-l,4-dinitrobutane along with 2-methyl-l-nitropropane. The
formation of dimeric adducts from reactions of alkyl Grignard reagents with
conjugated nitroolefins appears general and thus reactions of this type have
been classified as involving reductive-dimerization. A study has been
initiated therefore to develcp a general method for reductive-dimerization of
conjugated nitroolefins.

There have been reported many cases in which the presence of free
magnesium in a Grignard reaction promotes reduction. In order to study the
influence of this variable on the course of the dimerization reaction,
reactions of methyl magnesium iodide and 2-methyl-l-nltropropene were
conducted in the presence and the absence of free magnesium. It was found
that yields in the two reactions were almost identical (ca. 45% 2,2-
dimethyl-l-nitropropane and 6% 2,2,3)3-tetramethyl-l,4-dinitrobutane);
it was concluded therefore that reductive-dimerization is not greatly
influenced by free magnesium.

Gomberg and Bachmannt A have shown that magnesium sub-iodide promotes
reduction of various conjugated unsaturated compounds. Magnesium and
magnesium iodide are in equilibrium with magnesium sub-iodide (Equation 14);

(14) Mg + MgI 2  -• 2'MgI

even though the concentration of MgI is very low at equilibrium, it has
been proposed that the concentration of MgI is sufficiently great to effect
reduction of conjugated unsaturates. Since MgI is probably present to some
extent in Grignard reactions of methyl iodide, a study of the effect of
Mg;MgI 2 on 2-methyl-l-nitropropene has been started. In the initial
experiments, 2-methyl-l-nitropropene has been found to be decomposed and
no identifiable products have been isolated as yet. Further results of
studies of reactions of this type will be reported at a later date.
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EXPERIMENTAL

(1.) Prprto fE 2-Carbethoxuy___ 4-init.Lubutyae

(Improved Procedure)l

Eiethyl malon• ue (35.2 g., 0.22 mole) was added to a solution of
potassium (8.6 g, 0.22 mole) in absolute ethanol (400 ml.) Upon heating
the mixture to 79 , the white precipitate of potassium diethyl malonate
dissolved. lll,,l-Trinitroethane (16.5 g., 0.10 mole) in absolute ethanol
(50 ml.) was then added at a rate such that ebullition was maintained
(0.5 hour). The solution color changed to deep red. Toward the end of the
addition, heat had to be applied to keep the solution refluxing. A yellow-
orange salt soon precipitated. The reaction mixture was cooled and stirred
in an ice-water mixture (3 hours), then filtered, The powdery, yellow-
orange salt obtained weighed 27.5 g. A sample of this salt gave a positive
test for nitrite ion (liberation of iodine from a solution of sodium iodide
acidified with acetic acid).

The salt was suspended in water (100 ml.) with stirring and the mixture
was cooled to 0-30. Urea-acetic acid reagent (84 g., 0.23 mole each of ur .
and acetic acid)2 was precooled to 0-30, then added dropwise, in 45 minutep-.,

to the salt solution. Tho acidified solution was extracted with ether;
the ether extract was then dried with calcium sulfate. Distillation of the
product at reduced pressure, gave ethyl 2-carbethoxy-4,,-dinitrobutyrate 1

(10.09 g.; 36.3% conversionl, b.p. 126-130' (1.1 mm.).

(2) Proof of Structure of Ethrl 2-Carbethcxy-4,4-dinitrobutyrate.

Conversion to 4,4-Dinitroheptanedioic Acid.

Methyl acrylate (1.30 g., 0.015 mole) was added tc a stirred mixture
of ethyl 2-carbethoxy-4,4-dinitrobutyrate' potassium hydroxide (o.434 N,
11.5 ml., 0,00499 mole), and water (14 ml.) at 0-50. The solution was
stirred at 0-50 for 2 hours, then at room temperature for 18 hours. The
color of the mixture changed slowly from light yellow to deep amber, and a
dense oil settled out. The mixture was extracted with ether; the organic
extract was concentrated by distillation. Concentrated hydrochloric acid
(30 ml.) was added to the residue, and the mixture was heated to 135-140°.
After 4 hours, the oil had dissolved. Heating was continued for another
hour. Charcoal was added to the hot, red solution, and the mixture was
immediately filtered. After evaporation of most of the aqueous solution,
crude 4;4-dinitroheptanedioic acid (0.375 g,- 30%1 conversion), m.p. 135-1)7*,50,
crystallized. After recrystallization from hot water, the acid melted at
138.5-1400; neut. equiv. (caled.) 125, neut. equiv. (found) 127. An

authentic eample, prepared by the hydrolysis of dimethyl 4l,4-dinitro-
heptaLedioate, 3 melted at 138.5-139.50. Admixture of the two samples
resulted in no depression of the melting point.

* Lo39 i', 0Q005 mole,
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()Proof of Structure of N-ýý2,2-]Dinitre__ethylliperi~dine_.5

%,. . d V U1t VýLJ. LW • ., 0.01 uule) this material was prepared
in 31% overall yield from nitramethane via 1-nitro-2-pronanol and
1,l-dinitro.-2-propanol according to the procedure of Kaplan' 5 was suspended
in a mixture of water (7 ml.) and ethyl ethe~r (40 ml.). The mixture was
stirred at 00 while sulfuric acid (0.50 N, 25 ml.., 0.0125 equiv.) was added
dr~opwise. The pale-yellow ether solution of dinitr'omethane was separated.

X=Methyloll;peridine was preparýed V'o adding aqueous for.aialdehyde(36%, F6 0 g., 0.024 mole) to piperidine (1.2 g•, 0.14 mole) in water (3 ml.) Iat 00. The product separated as, an oil.

The ether solution of dinitromethane was added to the aqueous suspension
of N-methylolpiperidine; the sitrred mixture was cooled in an ice-water bath.
The pale-yellow product which separated was filtered, washed with ethanol
and ethyl ether. and dried. N-.(',2j-Dinitroethyl)-piperidine (1.90 g.) was
obtained in 93.6% yield, m.p.- io.OlO8,5u(dec.)% recrystallization from
hot water did not change the melting point of the product, Admixture with
a sample of N-(2,2-dit~itroethyl)-piperid3.ne prepared from 1,1,1-trinitro-
ethane and piperidine produced no depression in the melting point.

(4) Proof of Structure of Trimethylammonium-N-(2-nitroethyl.
2-nitronate). Exchange Reaction with Piperidine.

Piperidine (0.85 goj 0.02 mole) was added to a stirred mixture of
trimethyla~mmonium-N-(2-n~it~r~oethyl-2-nitrenate), (0.885 g., 0.. 005 mole)
in water (13 mi.) at 50-600. The solution was stirred at 50-600 for 5, ho~urs,.
then evaporated at reduced pressure. The yellow solid that remained was
covered with absolute ethanol, crushed and filtered. The yield of
N-(2,2-dinitroethyl)_-piperidine was 0.970 g. (95.6%), m.p.
Admixture of this material with the samples of N-(2,2-dinitroethyl)-piperidint
previously prepared resulted in no depression of the melting point.

(5) The Reaction of 1.1-1-Trinitroethane with Guanidine.

A solution of guanidine in absolute alcohol was prepared in the follo,-Lig
manner: 1 7 Sodium ethoxide was prepared from sodium (4.6 g.$ 0.20 mcle) and
absolute ethanol (100 ml.). Guanidine carbonate (18-0 g., 0.10 mole .
0.20 mole guanidine) was added; the walls of the flask were then washed vithi
ethanol (25 ml.). The mixture was stirred for 15 minutes, cooled in ice-
water for 10 minutes, then filtered. The precipitate of sodium carbonate
was washed with several portions of ethanol.

1,1,1-Tr'initroethane (8.25 g., 0.05 mole) in absolute ethyl ether
(5o ml.) was added dropwise to the ethanolia solution of guanidine. The
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solution turned red, and heat was evolved. The reaction mixture was then
stored at 00 for several days. The orange salt that formed was filtered,
iwashed with ethyl ethei and sucked dry. The yield of crude 92_-dinitro-
ethyluanidine was 8.1 g. (92%). The product was recrystallized from boiling
water; the yellow needles obtained decomposed at 196-1990 (the material
darkens slowly and no gas is evolved; determination of the decomposition
point is rather arbitrary).

The pure product is very slightly soluble in cold water (pale-yellow
solution) and only slightly soluble in boiling water (1 part in 103 parcs
of water at i00°; it is insoluble in hot or cold ace itone, ae~on±trilej
methanol or pipe-idine. The compound is soluble in ac-ids (colorlers solution)
and in dilute bate (yellow solution). The pH of the cold anueous solution
is 5.4-5.5. Its u..traviolet spectrogram showed absorption maxima attributed
to gem-dinitro reGonaure at 364m p(logE = 4.23) and to nitro grouap
resonance at 225 mp, (logE t 3.:8); the pattern is similar to thuse obser-ed
for other ,13-diritro rompounds. The infrared speorrum was determined
in Nujol; the shr.rp peek observed for most gem-.dinitro groups at 6,3 Li is
absent. Two bands were obse ved at 5.98 p/ and 6,08J4 * these are ueually
attributed to the CON group and may indicate au aci-nitro as well as the
imino group. Weak bands observed at 6.63[i/ , 7,5p4 and ll.9p are, most
likely, nitro group frequencies.

This compound gave a positive nitrosamine (Liebermann) test (see
Discussion). This chemical evidence, coupled wi.th the infrared and pH
data, suggests that 2,2-dinitroethylgusnLdine exists mainly in the form of
the "zwitterion."

(6) Proof of Structure of 2,2-Dinitr oethylguanidine. Alternate
Synthesis b.7 Exchne Reaction of Guanidine with Trimethzl-
ammeniLum-N- [.nitroethyl-2-nitrcnate7 .

Guanidine carbonate (1,10 g.; 0.0C6 mole) was dissolved in water (10 m7.
and treated with 0.999 N sodium hydroxide (12,.0 ml., 0.012 mole). To this
volution -W;5g eAtL* tr!ý,,-thyL~mmoniuim-N-(2-nitroe.thyl-2-nitrorzate)(l.77 g.,

0.01 Oole) and water (15 ml.). The clear yellow solution was stirreA at
46_-45 for 5 hours. Th-e temperature of the mixture was then slowly raised
over a three hour period (max. temp. : 800); heating was then discontinued.
On cooling, a yellow salt precipitated. The product was filtered, washed
with ethanol and ethyl ether and dried. 2,2-Dinitroethyzljuanidine was
recovered in 0.24 g. yieldy dec. range 185-192o. On evaporation cf the
filtrate to ca. half its original volume, another 0,26 g. of product was
0utuinedi total yield 0(50 g. (28%). Further evaporation yielded a mixture
of water-soluble salts composed principally of sodium carbonate.

The product of this reaction will be compared directly with that from
reaction of guanidine and 1,,11-trinitroethane by means of X-ray diffraction
patterns. Further proof of identity will be furnished by the preparation
and analysis of suitable derivatives.

CONFIDENTIAL
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(7) Reaction of Trimethylammonium-N-(2-nitroethyl-2-nttronate)
with Bromine.

Trimethylammonium-N-(2-nitroethyl-2-nitronate) (0.50 g., 0.0029 mole)
was dissolved in water (5 ml.). The solution was vigorously stirred while
bromine (0.41 g., 0.00256 mole) was added dropwise. 7e bromine layer
gradually disappeared as orange crystals formed. The mixture was stirred
in an ice-water bath for 15 minutes, then filtered. The waxy solid was
pressed dry between sheets of filter paper; 0.76 g. (88% calcd. as "dibromide""
was obtained, M.p. 7 7 .5c (dec. with evolution of bromine vapors).

The product is insoluble in ether, cold ethanol and cold water (the
waxy material is not wet by water). On warming in ethanol or water, the
"dibromide" dissolves; on cooling, the salt is not reprecipitated. The
product is soluble in cold acetonitrile. When ether is added to the warm
ethanol solution of the "dibromide", a white precipitate is formed. This
appears to be trimethylammonium bromide; m.p. 244-2460 (Fischer m.p. block.-
Sublimation below the melting point was observed). The literature values! 9

for this compound are m.p. 243-2450; sublimation about 2000.

(8) Selective Reduction of 5-Dinitro-2-hexanone to 5,5-Dinitro-2-
hexanol using Sodium Borohydride.

a. Acid Medium: 515-Dinitro-2-hexanone (19.0 g., 0.10 mole) was
dissolved in a solution of methanol (90 ml.) and water (45 ml.); sodium
borohydride (2.00 g., 0.05 mole) in water (50 ml., one drop of 6 N sodium
hydroxide added) was added dropwise in 3 hours. The reaction solution was
kept at 20-25 0 during the addition and the pH was maintained below 5 by
adding AM sulfuric acid when needed. When the addition of the hydride was

completed, the pH of the solution was adjusted to 2, and water (50 ml.) wes
added to decompose any salts formed. The reaction mixture wazu extracted
with ethyl ether while salting out the organic material with sodium chloride,
The ether extract was washed with brine,8 dried with sodium sulfate and
distilled to yield 5,5-dinitro-2-hexanof (15.01 g., 78.2% conversion),
b.p. 1140 (1.1 mm.), n205 1.4630. The forerun (0.74 g.), b.p. 110-1140
(1.3 mm.), n1.05 1.461. was a mixture of product and starting material.

b. Neutral-basic Medium: 5 5-Dinitro-2-hexanone (19.0 g., 0.10 mole)
was dissolved in me nol (70 ml.) and water (30 ml.); sodium borohydride
(2.00 g., 0.05 mole) in water (30 ml one drop of 6 N sodium hydroxide was
added) was added dropwise (15 minutes5 while the reaction mixture was shaken
in an ice-water bath. The bolution was yellow and considerable gas was
evolved near the end of the addition. The pH of the solution at this point
was 8.7. Sulfuric acid (A4) was added to the cold reaction solution until
the pH was 2. The color changed to blue-green during the acidification stcp.
The mixture was extracted with ethyl ether; the organic matter was salted
out Vith sodium chloride. The ether extract was dried with sodium sulfate,
then distilled to yield 505-dinltro-2-hexanol (10.46 g., 54 conversion),
b.p. il4-1l6o (1.3 mm.). The forerun (0.27 g.), b.p. to 114 (1.3 mm.),
was a mixture of product and starting material.
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(9) Selective Reduction of 4,4-Dlinitro-l-pentanal to
4,4,-Binitro-l-pentanol using Sodium Borohydride.

Sodium borohydride solution (0.795 g 0.021 mole, in 10 ml. of water
containing one drop of 6N sodium hydroxides was added dropwise (15 minutes)
to a stirred solution of U41-dinitro-l-pentanal (7.27 g., 0.0413 mole),
methanol (25 ml.) and water (10 ml.) cooled in an ice-water mixture. The
pH of the mixture, after the reaction was completed, was 9.2. The solution
was partially neutralized with urea-acetic acid solution (10 ml., 0.028 mole
each of acetic acid and urea; the pH after the addition was 6); the pH was
then adjusted to 3 by adding 18 N sulfuric acid (2 ml.). The blue-green
acidic solution was extracted with ethyl ether; the ether extract was dried'
with sodium sulfate and distilled to give 4,4-dinitro-l-pentanolS(4.97 g.,
67.6% yield), b.p. ll4-118° (1.2 mm.).

(10) Preparation of 1-(Nitromethyl)-cyclohexene.

20
The procedure of Dauben, et al2 was employed. Cyclohexanone

(56.7 g., 0.58 mole), nitromethane (66.7 g., 1.09 moles) and piperidine (3 r.)
were allowed to stand, with occasional shaking, over anhydrous magnesium
sulfate (30 g.) for 7 days at room temperature. The red solution was
filtered through anhydrous magnesium sulfate. Distillation of the filtratc
yielded the following fractions:

Fract. Boiling Range Weight 20.5 Composition

1 35-550 (40 mm.) 25.7 g. 1.3900 Nitromethane

2 55-800 (20-40 mm.) 8.9 g. 1.4460 Nitromethane and Cyclo-
hexanont

3 80-1030 (19-20 mm.) 9.8 g. 1.4695 Cyclohexanone and
1-(Nitromethyl)-
cyclohexene

4 103-105 (19 mm.) 40.9 g. 1.4815 l-(Nitromethyl)-

cyclohexene

The crude yield of l-(nitromethyleyole 0heenp is 50.7 g. (62%). The
infrared spectrogram of this compound shows that the double bond is not
conjugated with the nitro group; 2 1 this verifier the chemical evidence
given by Fraser and Kon 2 and others.23

(1i) Preparation of Methyl 4-Nitrcpentanoate andLjSetihy
• 4.lkn i-+rohe--ta nedioat e ...

a. Triethylamine Catalyst; With minor variations, the procedure of
Kloetzel 2 was used. Nitroethane (675 g., 9 moles), methyl acrylate
(264 g-, 3 moles) and triethylamine (152.5 g., 1.5 moles) were mixed at
room temperature. On standing for 4 hours, the temperature of the mixture
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rose to 440 and the color was green. The solution was placed in a water
bath to moderate the temperature; the solution was stored at 28-32° for
4 days.

The solution was extracted with 18% hydrochloric acid (400 ml.).
Ethyl ether and brine were added to aid in separation of the organic and
aqueous layers. The organic layer was distilled to yield (a)
methyl 4-nitropentanoate (314.8 g., 65.1% conversion), b.p. 88-910 (2-3) mm.),
f 1.4)45-1.4366., ul.128, and (b) dimethyl 4-methyl-4-nitroheptanedioate
(14.5 g., 20.1% conversion), b.p. 125-1700 (0.8-l.imm.). The latter
product vas not reported by KLloetzel.

(12). Oxidative-Nitration of Methyl A-Nitropentanoate" Methyl 4_4-
Dinitropentninoate,

Methy 4,-Dinitropentanoate - Methyl 4-nitropentanoate (113 g., .70 mnolc"
in methanol (140 ml.) was added in 30 minutes to a solution of sodium (18g.,
0.78 mole) in methanol (450 ml.) at 0-2° in a 2-liter, 3-necked flask
equipped with a mechanical stirrer, dropping funnel, and thermometer. A
solution of ice co)ld sodium nitrite (53 g., 0.77 mole in 500 r,11. water) wsi
then added to the mixture at temperatures below 50% The resulting solution
was then poured into a stirred mixture of silver nitrate (218g., .13 mole),

J. I ~ -N, 'S . NJJ~ -1U N `.L '50 A k - -VIJ.~ f Jme w1±icethy"•± ether Ir )u a--d wae (0 L~rn 4L opex .ooriseu wtuL

quickly turned black; gases were evolved and the temperature of the mixture
rose. After the suspension had been stirred for 10 nwinutes, hydrochloric
acid (a few ml.) was cdded and the mixture was filtered. The aqueous
filtrates were extracted with ethyl ether; the filter residue was washed
with methnmol (3 x 200 ml.) After the methanolic extracts had been distil] ed
(a steamn bath to remove methanol, the cooled residue was dissolved in
ethyl ether. The ether extracts were dried with sodium sulfate; the ether
was evaporated; and the residue was distilled at reduced pressure to give
methyl 4,4-dinitropentanoate (107 g., 72% yield); b.p. 90-910 (0.5 rmn),
lit. 2594-97' (0.6-0.7 mr.); nDl9. 1.4457, lit. 25 nD 1.4456

(13). Reduction of Methyl 4-Nitrobutyrate vith Lithium Borohydride;
4-Nitro-l-butanol.

_-Nitro-l-butanol.- A solution of methyl 4-nitrobutyrate (18.84g.,
.125 mole- and ethyl ether (50 ml.) was added to a 0.57 molar solution (310 il'
of lithiun borohydride in ethyl ether. An exothermic reaction occurred
which resulted in the formation of a white precipitate and the evolution of
a flammable gas (probably hy'drogen or diborane). After the initial reaction
had subsided, the mixture was refluxed for 4 hours. The mixture was then
cooled to 0-2* and a solution of phosphoric acid (85%, 30 ml.)hurea (lOg.)
and water (120 ml.) was added at a rate such that the temperature was main-
tained below 5%, The mixture then consisted of a lower aqueous layer con-
taining some insoluble matter (which dissolves on further dilution) and
an upper c:.lorless layer of tetrahydrofuran which contains the reduction
products, Hydrochloric acid was added to raise the pH of the mixture to 1;
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the mixture was distilled from a steam bath to remove tetrahydrofuran and
to hydrolyze the borate esters. The residue was cooled to room temperature,
saturated with sodium chlorideI and extracted with ethyl ether (3 x 70 ml.).
After tne extracts had been dried with sodium sulfate and then evaporated,
the residue was distilled at reduced pressure to yield 4-nitro-l-butanol
(7.92 g., 53% yiela), b.p. 74-750 (0.5 mm.), lit.7'9 b.p. 103-107.'.c(2 mm.);

9).5 1.4 508, ,9.5 1.4510. A small quantity of red residue ihich
contained boron compounds remained in the distilling flask.

The ratio of lithium boronhydride to nitro easter in this experiment was
1.5:1. Thti use of smaller ratios resulted in the recovery of some unreduced
starting material.

(14) Reductje o± f I4o1llyl 4-Methyl-4-nitropentancate with Lithium
B o o•i u .• •U-U .,y-•-•tro-l - ent-,n ol

4-Methy!-4-ri'ro-l P3':anol. . A mixture of methyl 4-methyl- 4 -nitro-.
pentanoate (21 g . 0.12 U iol, _ i n ethyl ether (50 il.) was added to a 0.57 M
solution (125 Plo, .071 uo..e) of lithium borohyfride in tetlrahydrofuran.
After a mild exothermic reaction had occured, the mixture vec ref'luxed for
3 hours. The mitJ;ure then consisted of a clear solution containing a sm&li
amount of suspendod ge.-itinous matter. The mixture was cooled to r.-Om
temperature and hydrochloric acid (100 ml., 6 N) vas added, The re3ulti*g
two-layer systect orus cJistilled to remove the so2'rents and hyd7olyze any
borate esters that were present. The residue vee cooled to room temperatu_'c
saturated with sodium cnioride, and extracted wiUh etlyl ether (3 x 60 ml),
After the ether extracts had been dried over sod.ium sulfate aid evaporated;
the residue wa& distillced at reduced pressure to yield 4-m~tnyl..4 -nitro-l.
pentanol (17.0 g., 96 % yield); b.p. 83-840 (0.3 mm.), lit. Jll-1150 (5 m.:,.) 7

9.5 1.4505, 1*t., 7 ' 9 D 1.4507,

3P 3eduction of Methy! 4,4-D-intro•.;atanoate with Lithium
B orohy'dr ideý. 4;4•-Dinitro-l-E•entanol°.

By using the preceding procedure, methyl 4 , 4 -dinitropentancate (26 g.,
.12 moles) was reduced 'vith 0.57 M lithium borihydride-tetrahydrofuran
(125 ml., .071 moles) to give 4 4-dinitro-.l-pentanol 117 g.) in 74% yield;
b.p. 102-1040 (0.3 mm.), lit.,910 9 - 1 1 0o (0.8 mia.); n D'9-5 1.4670, lit.8,9

n20.0 1.4669.

(16) Reduction of M.Thyi _-Nitropentanoat_ with Lithium Borohydride_

4-Nitropentanol. - A mixture of methyl 4 -nitropentancate (19.21 g.,
0.21 mole) in ethyl ethe- (ic ml.) was addei to a 0.57 M solution (135 ml.,
.078 moles) of lithium bnro:.-y'--tde in tetrahydrofuran. A mild exothermi.
reaction occured and the vnLQ:.re was refluxed for 3 hours. A white
precipitate formed slow~ly. The misture was then cooled to 0-20 and a solution
of phosphoric acid (85%, 10 ml.), urea (5 g,) and water (40 ml.) was added
at a rate such that the temperature was maintained below 50. A small
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quantity of hydrugen was evolved. The mixture then consisted of a lower
aqueous lyer and an upper colorless layer of tetrahydrofuran containing
the reduction products. Hydrochloric acid was added to raise the pH of
the mixture to 1 and the mixture was distilled from a steam bath to remove
the tetrahydrofuran and to hydrolyze the borate esters, The residue was
cooled to room temperature, saturated with sodium chloride, and extracted
with ethyl ether (3 x 60 ml.). After the extracts had been dried with
sodium sulfate and then evaporated, the residue was distilled at reduced
pressure to yield 4-nitro-l-pentanol (9. 6g.. 72% yield); bepe 72-73"(0O5mn!1,)
lit.7, 9 b.p. 91-92' (lmm.); D 201.44801 lit.-9 nD1W 0 1.4475.

(17) Reaction of Methyl Magnesium Iodide with 2-Meth y-1-nitropropene
in the Absence of Free Magnesium; Isolation of 2,2-Vimethyl-l-
flitropropane and 2,2,3,3-Tetramethyl-1,4 ,-initrobutane.

Methyl magnesium iodide (0.15 mole) in dry ethyl ether (70 ml.) was
prepared in the usual manner: magnesium turnings (3.7 g., 0.15 mole) were
added to a 300 ml., three-necked flask equipped with a reflux condenser and
drying tube, a sealed stirrer, and a dropping funnel. After flaming and
cooling the flask under a flow of nitrogen, e solution of m-eth÷yl iod•ide
(21.3 g., 0.15 mole) in dry ether (70 ml.) was added to the magnesium.
The methyl iodide was added slowly at first until a reaction was initiated
and then more rapidly with occasional cooling. The mixture was refluxed
on a water bath for 30 minutes and filtered through a sintered glass disc
into a flask containing the same equipment as above.

The Grignard reagent was cooled to 00 and 2-methyl-l-nitropropene
(15.2 g., 0.15 mole) ii dry ether (25 ml.) was added dropwise in 2 hours
at 00. A vigorous reaction and formation of a solid complex occured upon
introduction of each drop of 2-methyl-l-nitropropene. The mixture was
acidified at 00 with aqueous acetic acid (15 ml. of glacial acetic acid
in 100 ml. of water); stirring was difficult until the complex had
dissolved. The ether layer was separated; the aqueous layer was extracted
with ether (100 ml.). The combined ether extract was neutralized with
sodiuim bicarbonate and washe4 with 5% sodium bicarbonate solution (2 x 100 I1..),
water (100 ml.) and saturated sodium chloride solution (100 ml.). The
ether solution was dried over anhydrous sodium sulfate. Distillation of
the product at reduced pressures, after removal of the solvent, gave
crude 2,2-dimethyl-l-nitropropane (9.18 g., 0.0783 mole, 52.2% theory)
b.p. 76-78o (65 mi.), 20 1 4P13-1.4256. Redistillation of this volatile
product gave the follow ng fractions:

b.p. Weight 20 d02 0  MIR (found)
11320 D

(1) 55-72" (63 mm.) 0.74 g. 1.4180 0.9524 31.01

(2) 72-740 (60-63 mm.) 1.41 1.4209

(5) 7 4- 7 4.5o (60 mm.) 2.80 1.4219 0.9569 51.11

(4) 74.5-740 (60 mm.) 1.82 1.4239

(5) 74-720 (58-60 mm.) 1.05 1.4291 0.9681

10D (calcd.) 30.92
CONFIDENTIAL
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The 2,2-dimethyl-l-nitropropane is not pure and infrared analyses
are being made to identify the contaminant (presumably 2-methyl-l-
nitropropene): lit. 2 6 b.p. 77-780 (65 mm.); 150-1510; m.p. 13-140;
n30 1.4099, d20 0.9494.

The residue from the first distillation solidified and was recrystallized
once from ethanol to give crude 2,2,3,3-tetramethyl-1,4-dinitrobutane
(0.98 g., 0.0048 mole, 6.4% theory),m.p. 135-1370. Four recrystallizations
from ethanol gave a very pure product, m.p. 141-1420, which gave no
depression in melting point when mixed with an authentic sample. 6

(18) Reaction of Methyl_Magnesium Iodide with 2-Kethyl-l-nitropropene
in the Preserce of Free Msa.esium; Isolatioa of 2,2-Dimethyl-l-
ni--tro-• -ne a-d-d 2_•,3---Tetramethyl-1,4--diaitrobutane.

2-Methyl-l-nitropropene (15.2 g.) 0.15 mole) in ether (25 ml.) was
added in 1.5 hours at 0o to methyl magnesium iodide (2.9 g., 0.15 mole,
1.87 N in ethyl ether) and magnesium (3.65 g., 0.15 mole) contained in a
dry (flamed) 300 ml., three-necked flask equipped with a reflux condenser
and drying tube, a sealed stirrer, and a dropping funnel. A vigorous
reaction and the formation of a complex occured upon the introduction of
each drop of 2-methyl-l..nitropropene. After addition vas completed, the
mixture was stirr.d for 15 minutes at 00 and then acidified at 00 with
aqueous acetic acid (15 ml. of glacial acetic acid in 100 ml. of water);
stirring was difficult until the complex had dissolved. The reaction mixture
was then filtered from the magnesium, The ether layer was separated; the
aqueous layer was extracted with ether (100 ml.). The combined ether
extract was washed with 5% sodium bicarbonate solution until evolution of I
carbon dioxide was complete, then with water (100 ml.) and finally with

saturated sodium chloride solution (100 ml.). The ether solution was dried
over anhydrous sodium sulfate. Distillation of the product at reduced
pressures, after removal of the solvent on a steam bath; gave 2,2-dimethyl-
1-nitropropane (7.57 g., 0.0646 mole, 43.1% theory) as a light yellow
liquid, b*p. 76-77.50 (65 mm.), n2 0 1.4191-1.4222.

D
The residue from the distillation was recrystallized once from ethanol

to give crude 2,2,3,3-tetramethyl-l,4-dinitrobutane (0,95 g., 0.0045 mole,
6.2% theory). Four recrystallizations from ethanol gave a very pure
product, m.p. 141-h42o, which did not depress the melting point of an
authentic sample. 6

(19) Reaction of Methy-Ya&gYie•tm Iodide and 9•kMcthyl--Vitroprouene.

Dry ethyl ether (70 ml.), dry benzene (55 ml.) and powdered magnesium
(0.14 mole, 3.40 g.) were placed in a 300 ml., round-bottomed flask equipped
with a dropping funnel, a sealed stirrer and a reflux condenser with drying
tube. Iodine (8.88 g., 0.07 mole, dried over sulfuric acid) was added in
small portions such that the mixture refluxed gently. The clear solution
(powdered magnesium was present) was cooled to 00, and a solution of
2-methyl-l-nitropropene (7.08 g., 0.07 mole) in benzene (25 ml.) was added
dropwise in 30 minutes at O0. As the nitroolefin was added, the solution
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turned brownish-red in color. After stirring overnight in an ice bath, a
black gum was present. Aqueous acetic acid (6 ml. of glacial acetic acid
in 20 ml. of water) was added at 00. The solvent layer was separated
from the black gum and magnesium; the gummy product was dissolved in
ethanol and quickly filtered from the magnesium. The solvent layers were
combined and washed with 5% sodium bicarbonate (2 x 100 ml.), water (ico ml.)
and saturated sodium chloride solution (100 ml.). After drying the solution
over anhydrous sodium sulfate and removal of the solvents on a steam baths
a brown oil (2.7 g,) remained which could neither be distilled at reduced
pressures nor recrystallized.
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